The effect of interdisciplinary primary care teams on the use of health services by patients with multiple chronic conditions is uncertain. This study aimed to measure the effect of guided care teams on multimorbid older patients' use of health services.
T
HE US HEALTH CARE SYStem frequently fails to provide high-quality, wellcoordinated, cost-effective health care to older Americans with multiple chronic conditions. [1] [2] [3] Instead, care is fragmented, hospitals and emergency departments are overused, tests are duplicated, and patients and their families are disengaged from their care. As a result, the Medicare program's costs are unnecessarily and unsustainably high, and its chronically ill beneficiaries and their families are often dissatisfied. 4 New models of interdisciplinary primary care have demonstrated the ability to improve multimorbid older patients' quality of care, quality of life, and satisfaction with care, [5] [6] [7] [8] but the cost of operating such teams is a barrier to their widespread implementation. Although better quality of outpatient care may reduce the need for acute and postacute care and thereby offset some of the cost of operating these teams, the degree to which this actually occurs is uncertain, ranging from negligible [5] [6] [7] to modest. 8, 9 The model of interdisciplinary team care for multimorbid older patients tested most recentlyinarigorouscontrolledtrialiscalled guided care. This model builds on lessons from its predecessors in providing primary care that includes comprehensive geriatric assessment, evidence-based planning, case management, transitional care, selfmanagement,andcaregiversupport.Guided care is provided by a team that includes a specially trained registered nurse, 2 to 5 physicians, and members of a primary care office staff. This team provides 8 clinical ser-vices to a panel of 50 to 60 of the practice's older patients at highest risk of using health care heavily during the following year. For each patient, the guided care nurse (1) performs a comprehensive assessment at home, (2) creates an evidence-based care guide and a patient-friendly version called an action plan, (3) monitors the patient on a monthly basis, (4) smooths the patient's transitions among sites of care, (5) coordinates the efforts of all the patient's providers of care, (6) uses motivational interviewing to promote patient self-management, (7) educates and supports family caregivers, and (8) facilitates access to appropriate community resources. 10 Preliminary reports from a recent multisite clusterrandomized controlled trial (cRCT) suggest that guided care improves the quality of multimorbid older patients' chronic care, 11, 12 reduces family caregivers' strain, 13, 14 and increases primary care physicians' satisfaction with the care they provide to these patients. 15 Data from the first 8 months of that cRCT also indicate that, on average, patients who received guided care had 24% fewer hospital days (odds ratio [OR],0.76; 95% confidence interval [CI],0.51-1.13), 37% fewer skilled nursing facility days (0.63; 0.35-1.15), 29% fewerepisodesofhomecare(0.71;0.47-1.08),and15%fewer emergency department visits (0.85; 0.62-1.18) than the control patients, resulting in a net annual savings of $75 000 per nurse or $1364 (11%) per patient. 16 Although these early reductions in use and costs of care were encouraging, they did not attain statistical significance.
In this article, we report the effects of guided care on multimorbid older patients' use of 6 health services through an additional 12 months of the aforementioned cRCT. Hypothesizing that this model of care may affect use differently among patients with differing insurance coverage and among those at different levels of risk, we also explore the effects of guided care on these same services among subgroups of patients defined by 2 characteristics: source of health insurance and baseline risk of using health services heavily in the future.
METHODS
In 2006, we launched a cRCT of guided care in 14 primary care teams housed in 8 community-based primary care practices in urban and suburban neighborhoods in the Baltimore, MarylandWashington, DC, metropolitan area. Six teams in 3 practices were operated by Kaiser-Permanente Mid-Atlantic States (KPMAS), a group-model managed care organization; 6 teams in 4 practices were operated by Johns Hopkins Community Physicians (JHCP), a statewide network of community-based practices; and 2 teams in 1 practice were operated by MedStar Physician Partners, a multisite group practice. The study population included older persons insured by Kaiser-Permanente (who received care at the KPMAS sites), traditional fee-for-service Medicare (who received care at the JHCP and MedStar sites), or the TRICARE/US Family Health Plan (USFHP), a federal health insurance program for retired military personnel and their dependents (who received care at the JHCP sites). A detailed description of the study design, which was approved by the 3 relevant institutional review boards, was published previously.
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RECRUITMENT OF PARTICIPANTS
From April 1 through June 30, 2006, we screened the insurance claims of all patients of the 14 teams to identify those who were 65 years or older and at high risk of using health services heavily during the following year, as estimated by the claimsbased hierarchical condition category (HCC) predictive model. 17 High risk was equated with HCC scores in the highest quartile of the population of older patients covered by their primary health care insurer. Eligible high-risk patients who provided informed consent completed in-home baseline interviews.
RANDOMIZATION
Each of the 14 primary care teams included 2 to 5 primary care physicians, their office staff, and their consenting high-risk patients. The study's statistician, masked to the identities of the teams, randomly allocated 1 of each of the 7 pairs of teams to the guided care group; the other 7 teams constituted the usual care control group. Thus, clusters of patients, rather than individuals, were randomized according to the team of physicians who provided their primary care.
TREATMENT GROUPS
Registered nurses who had completed a course in guided care nursing 18 joined their assigned primary care teams in May 2006. During the following 6 to 8 months, each guided care nurse was integrated into the practice and established a caseload of 50 to 60 guided care patients. The date on which each patient's care guide was created was set as his or her start date for receiving guided care. Patients in the usual care group continued to receive care from their established primary care physicians. Their start dates for receiving usual care were assigned to mirror the distribution of the guided care patients' start dates.
MEASURES
Information regarding all participants' baseline characteristics was obtained from prerandomization in-home interviews, and their baseline HCC scores were recalculated from insurance claims from the 12 months immediately preceding their start dates. Data regarding participants' use of health services during the cRCT were obtained from paid insurance claims. We computed each participant's annualized use of health services from his or her start date through June 30, 2008. An estimate of the use of long-term custodial nursing home days was obtained from participants' responses to a telephone interview question 8 and 20 months after their start dates: "How many days did you spend in a nursing home during the past year?" We counted as long-term custodial days only those self-reported nursing home days that exceeded a participant's days in nursing homes for postacute rehabilitation, as reflected by their insurance claims.
STATISTICAL ANALYSIS
As described in detail previously, 11 we imputed values for missing responses to baseline interview questions: 5 imputed data sets were generated and inferences were combined across data sets using Rubin's combining rules. 19 Less than 1% of baseline responses were missing except for the question regarding finances (4% missing). In comparing the 2 study groups at baseline, we used site-stratified testing procedures to evaluate differences in all characteristics except health insurance because of its strong correlation with site.
We compared the guided care and usual care patients' use of health services during the intervals between their start dates and June 30, 2008. For each health service, we constructed a marginal regression model, which accounted for the correlation of multiple outcomes within individuals, 20 to estimate the effect of guided care (vs usual care) on the mean units of service used per person per year. For each service, we constructed an a priori model of the logarithm of the mean rate as a linear function of treatment group, age, race, sex, educational level, finances, HCC score, self-rated health, activities of daily living, instrumental activities of daily living, and practice site, plus an offset term for exposure period. Regression parameters were estimated using generalized estimating equations with a working independence covariance structure. The estimated variance-covariance matrix of all the regression estimators was obtained using the sandwich variance technique. 21, 22 The adjusted treatment effect for each outcome is interpreted as the ratio of the mean units of service used per guided care recipient (vs usual care recipient) during a common exposure period.
We also estimated an approximate posterior (ie, Bayesian) probability that guided care reduced the use of a service by at least 10.0% by simulating 500 000 draws from a multivariate normal distribution in which the mean was set equal to the estimated regression parameters and the variance-covariance matrix was set equal to the estimated variance-covariance matrix. 23 From these simulations, we computed, for each service, the proportion of effects that yielded greater than 10.0% improvement. These probabilities are presented to inform decision makers in health care organizations regarding the applicability of the study's findings to their daily operations.
We used these same methods to conduct the preplanned analyses of the effects of guided care within subgroups of study participants defined by 2 characteristics: health insurance plan and baseline HCC score (HCC score Ն1.6). All analyses were conducted using the statistical software R, version 2.9.1 (R Foundation for Statistical Computing, Vienna, Austria) and Stata, version 9.0 (StataCorp LP, College Station, Texas).
RESULTS
As shown in the Figure and described in detail previously, 11 we screened 13 534 older patients for eligibility and offered 2391 eligible patients the option of participating in the study. Of these, 904 (37.8%) provided written informed consent and were randomized to receive guided care (n = 485) or usual care (n = 419). We excluded from the present analyses randomized participants who died before their start dates (2.4%), who did not have a start date before June 30, 2007 (1.5%), and whose insurance claims were unavailable (2.0%). We analyzed data regarding the remaining 850 participants (n=446 in the guided care group, n=404 in the usual care group). At the study baseline, there were no statistically significant differences between the guided care and usual care groups' sociodemographic characteristics or health status except that a higher percentage of the guided care patients reported having adequate money left at the end of each month (58.1% vs 51.2%, P = .01) ( Table 1) . Table 2 gives the raw mean annual per capita use of health care services by patients in the guided care and usual care groups, as well as the adjusted ORs of service use (and 95% CIs) by guided care and usual care patients. Except for the 29.7% reduction in the use of home health care by guided care patients (OR, 0.70; 95% CI,0.53-0.93), none of the differences represented by these ORs is statistically significant. The rightmost column shows the Bayesian probability that guided care reduced the use of each service by at least 10.0%.
Ten patients in the usual care group reported a total of 1928 long-term custodial days in nursing homes, whereas 4 guided care patients reported 610 such days. The small number of patients in both groups who received custodial care precluded meaningful testing of the statistical significance of this difference.
The results of the preplanned analysis of insurance subgroups indicated that guided care may have reduced the use of some health services among the study participants who were insured by Kaiser (and received their primary care from KPMAS clinics). As indicated in Table 3 , guided care reduced the use of 7 services (mean annual per capita use). After adjustment, the differences between the groups' skilled nursing facility admissions (OR, 0.53; 95% CI, 0.31-0.89) and days (0.48; 0.28-0.84) were statistically significant. Given these data, as shown in the rightmost column, the probability of observing at least a 10.0% reduction in guided care patients' use of the 7 reduced services ranged from 39.8% (specialist visits) to 98.6% (skilled nursing facility days).
In the other 2 insurance subgroups (fee-for-service Medicare and TRICARE/USFHP), guided care had less effect on patients' use of health services. After adjustment, there were no significant differences in the use of any of the 9 services in the TRICARE/USFHP-insured group. In the fee-for-service Medicare-insured group, there were no significant differences between the 2 groups' use of 8 services, but the guided care patients had significantly more visits to specialist physicians (OR, 1.34; 95% CI,1.06-1.70).
The other prespecified subgroup analysis evaluated the effect of guided care on health service use in subgroups defined by participants' baseline risk of generating high health care insurance expenditures in the future (ie, by HCC score of Ն1.6 or HCC score of Ͻ1.6). As indicated in Table 4 , in the highest-risk subgroup, there were no statistically significant differences between the study groups' use of health services.
COMMENT
We undertook this analysis to determine whether the clinical improvements attributed to the guided care model (ie, enhanced quality of chronic care, 11, 12 greater physician satisfaction, 15 and less family caregiver strain 13, 14 ) are associated with changes in patients' use of health services during the 20 months after their initial contact with a guided care nurse. Compared with the patients who received usual care, the patients who received guided care used similar amounts of care from hospitals, skilled nursing facilities, emergency departments, and physicians. The only statistically significant difference between the groups' use was a 29.7% reduction in home health care episodes by the guided care group. The Bayesian analysis indicates that the probability that guided care reduced home health episodes by at least 10.0% was 95.9%. The Bayesian analysis also suggests that the probability that guided care reduced 30-day readmissions by at least 10.0% was 74.9%. The guided care group also used less than one-third the number of long-term custodial days in nursing homes, but these days were associated with too few patients to allow meaningful statistical testing of the significance of this reduction.
Of note, in the sizable Kaiser-Permanente subgroup (n = 365, 42.9% of the entire sample), guided care appeared to reduce use to a greater extent than in the entire sample. Reductions in skilled nursing facility admissions (by 47.2%) and days (by 51.6%) were statistically significant. This subgroup's reductions in hospital admissions (15.0%), 30-day readmissions (48.7%), hospital days (20.7%), and emergency department visits (17.4%) were clinically significant because these services are so expensive, but they did not attain traditional levels of statistical significance. These modest findings are similar to those reported from other studies of interdisciplinary team care for older persons with multiple chronic conditions. As noted previously, several such models have improved patients' quality of care and quality of life, but only one has shown significant reductions in patients' use of expensive hospital services. The GRACE (Geriatric Resources for Assessment and Care of Elders) model reduced high-risk patients' use of emergency departments and hospitals in the second year of an RCT. Abbreviations: CI, confidence interval; GC, guided care; UC, usual care. a Adjusted for baseline age, race, sex, educational level, finances, habitation status, hierarchical condition category score, self-rated health, activities of daily living and instrumental activities of daily living difficulty, practice site, and period of observation. Abbreviations: CI, confidence interval; GC, guided care; UC, usual care. a Adjusted for baseline age, race, sex, educational level, finances, habitation status, hierarchical condition category score, self-rated health, activities of daily living and instrumental activities of daily living difficulty, practice site, and period of observation. Why is it so difficult for interdisciplinary primary care teams to reduce multimorbid patients' use and cost of health services? The answer is probably multifactorial. First, chronic diseases are incurable and many are progressive. Thus, even high-quality, well-coordinated care cannot avert some of the exacerbations that require expensive acute care. Second, we are still learning how teams should be structured, organized, and operated to reduce unnecessary use and cost while preserving or improving patients' quality of care and quality of life. Third, there are few penalties or rewards that provide consistent incentives for teams to improve the quality and outcomes of their care. Value-based purchasing of health care may create such incentives in the future, but its actual effects are still uncertain. Fourth, we are still learning how to select the patients who are most likely to benefit from team care. Fifth, even when teams are successful in preventing the preventable, detecting statistically significant reductions in use is difficult in studies of relatively small samples of high-cost patients. Sixth, high-quality team care may appropriately increase the use of certain health services by some high-risk patients.
An interesting finding of this study is the apparent ability of the environment in which an intervention is implemented to affect its ability to achieve its desired outcomes. Guided care appears to have been more effective in reducing the use of skilled nursing facilities (and possibly other health services) among patients who were insured by and who received their primary care from KaiserPermanente. The reason for this finding is unknown, but it could include several factors. We checked to ensure that randomization was successful within the KaiserPermanente subgroup, and there were no significant differences between the Kaiser-Permanente patients or physicians who were randomly assigned to the guided care and usual care groups. The nurses assigned to the KaiserPermanente practices were similar in background, age, and skill level to the nurses assigned to the other study sites.
In contrast to the fee-for-service environment, however, Kaiser-Permanente has a sophisticated interoperable electronic medical record system and a medical center model that comprises a variety of health services, both of which are manifestations of a well-established culture that promotes and rewards team care, prevention, and avoidance of unnecessary care. Thus, guided care may have been assimilated into this culture more readily than into the practice cultures where the study participants insured by other carriers received their care. Guided care may simply have extended the existing approach at Kaiser-Permanente, whereas it may have required challenging changes in other organizations. Unfortunately, we did not design this study to measure environmental influences on the effectiveness of guided care, so we did not collect the information that would be necessary to analyze such influences. Thus, we can only speculate as to reasons why the patient outcomes were better in 1 environment than in the others. Additional studies will be necessary to determine with certainty which environmental factors facilitate or impede the effectiveness of this organizational intervention.
Several methodologic limitations to this study should be considered when interpreting its results. First, there are 2 threats to the study's external validity. The consent rate (37.8%), although better than average among randomized trials of health care interventions for chronically ill older persons, 24 may have led to some selection bias, probably toward greater participation by healthier persons and less participation by sicker persons. In addition, the sampling universe was restricted to urban and suburban areas in the mid-Atlantic region of the United States, so its results may not apply to the populations of other geographic areas.
Second, the sample for this study was calculated to provide 80.0% statistical power to detect changes in clinical outcomes; thus, it provided only limited ability to detect differences in health care use, a secondary outcome, with statistical significance, especially in the subgroup analyses. Third, the 20-month period of observation may have been too short to detect medium-to long-term effects of the intervention, such as reductions in the vascular complications of diabetes mellitus. Fourth, the effect of guided care on patients' use of medications, although important and costly, was not evaluated because medications were not included consistently in the health insurance claims made available for this study. Medicare Part D was implemented during the study. Fifth, unmeasured baseline differences between the experimental and control groups could have biased the observed results of the study.
Finally, we are unable to report the actual aggregate costs of the 2 groups' health care because the prices of the services varied considerably among the 3 insurers and were considered proprietary by 1 insurer. Readers wishing to estimate the guided care model's costs and economic benefits in their local markets can (1) project the total costs for employing a guided care nurse in their markets (eg, $95 900 per year in the study reported here) 16 and (2) convert the differences in use reported here to differences in health care costs by inserting their actual local prices for units of these services.
The search will continue for innovative models that improve the quality of care and the quality of life for older persons with chronic conditions. Because the resources needed to operate most such models would increase patients' total cost of care at least temporarily, it is important to evaluate the models' downstream effects on the use and cost of care. Models that reduce subsequent use and costs of care enough to offset their own costs are financially more feasible to adopt and sustain than models that increase the aggregate costs of health care, assuming that some of the reductions in insurers' expenditures are allocated to subsidizing the models' operating costs.
As heterogeneous forms of patient-centered medical homes, accountable care organizations, and similar entities are tested during the next several years, health care leaders will need to address all the challenges discussed herein: which models to use, whom to target, what incentives to create, and how to manage clinical teams. Research regarding innovative models will need to be designed rigorously to assess multiple clinical and financial outcomes and the role of organizational factors. Society will need to decide how much it is willing to pay for highquality, complex chronic care. 
